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Acronyms

1,1,2,2 1,1,2,2-tetrachloroethane

bgs below ground surface

BRSA Bush River Study Area

BTEX benzene, toluene, ethyl benzene, and xylenes
CCl, carbon tetrachloride

CHCl, chloroform

Cl chemicd ionization

CP cone penetrometer

CPT cone penetrometer truck

DCE dichloroethene
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El €lectron impact

EPA U.S. Environmenta Protection Agency

FN fdse negaive
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GCIMS Gas Chromatograph/Mass Spectrometer
HCI hydrochloric acid

HS Hydrosparge VOC Sensor

ITMS ion-trap mass spectrometer

m/'z meass charge

min minute

MMR Massachusetts Military Reservation

NAS Nava Air Station

OPPTD Office of Pollution Prevention and Technology Development
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PCE
PES
PFTBA
PQL
PVC
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TCE

USAEC
USACE
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Oak Ridge National Laboratory

perchloroethylene (tetrachloroethene)
performance evaluation check standard

perfluorotributylamine
practical quantitation limit
polyvinyl chloride

quality assurance/qudity control
quality control

Site Characterization and Anays's Penetrometer System
SCAPS Hydrosparge

trichloroethane
trichioroethene (trichloroethylene)

U.S. Army Environmental Compliance
U.S. Army Corps of Engineers

volatile organic compounds

Waterways Experimenta Station
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1 FORWARD

Section 25200.1.5, Hedlth and Safety Code, enacted by Assembly Bill 2060, authorizes the
Department of Toxic Substances Control (DTSC) to certify the performance of hazardous waste
environmenta technologies. The purpose of the certification program is to facilitate regulatory and end-
user acceptance of environmenta technologies and to promote and foster growth of Cdifornia's
environmentd technology industry by providing an independent technicd evauation of technologies
meeting gpplicable quality standards.

As part of this program, DTSC has evaluated a cone-penetrometer-based system for the on-ste
detection and characterization of specific chlorinated and aromatic chemicalsin groundwater. The
developer of the technology isthe U.S. Army Corps of Engineers (USACE), Waterways Experiment
Station (WES), Vicksburgh, MS. This report was prepared to provide the results of this evauation.

2 BACKGROUND

The Site Characterization and Analysis Penetrometer System (SCAPS) Hydrosparge (HS) VOC
Sensor is anear red-timein-Situ subsurface screening method for volatile organic compounds (V OCs)
in groundwater. The technology was developed by the U.S. Army Corps of Engineers Waterways
Experiment Station through the Tri- Service SCAPS program and is one of a planned family of sensors
collectively caled the Site Characterization and Andys's Penetrometer System, or SCAPS, that will
combine remote sensors with a cone penetrometer platform to provide rapid, in-Stu, subsurface
measurements of many different contaminants.

The conventiond or traditional gpproach to characterizing groundwater contamination plumes depends
on the ingalation of monitoring wells and collection of water samples followed by laboratory anayses,
isusudly adow, iterative, and cogtly process. Significant delays occur in Ste characterization while
samples are analyzed and new monitoring wells are being indalled and developed. The SCAPSHS
technology was designed to improve upon conventiond Ste characterization by providing rapid
qualitative to semi-quantitative information about the subsurface digtribution of volatile organic
contamingation in groundweter.

3 TECHNOLOGY DESCRIPTION

The SCAPS Hydrosparge VOC Sensor conssts of an in-Stu sparge module interfaced to anion trap
mess spectrometer (ITMS) to provide near real-time semi-quantitetive field screening andyses of
volatile organic compounds (VOCs) in groundwater. The Hydrosparge VOC Sensor was devel oped
for deployment with a standard cone penetrometer (CP) platform using a direct push groundwater
sampling tool to create a temporary groundwater sampling point. Before the in-Situ sparge moduleis
lowered into the temporary sampling point or well, groundwater is purged until pH, dissolved oxygen,
temperature, and conductivity remain congtant and the groundwater level has been dlowed to Sabilize.
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After being lowered into the sampling point or well through the push rods or casing, the in-Situ sparge
module uses an inert gas, helium, to purge or strip VOCs from the groundwater in modul€ s sample
chamber. The VOCs collected in the purge gas are then transferred to the surface via Teflon sampling
tubing for direct red-time andlysis by an on-board ion trap mass spectrometer.

The scope of evauation focused on the use of the Hydrosparge VOC Sensor, including both the in-Stu
gparge module and the on-board ITMS, for near rea-time andyss of selected VOCs in groundwater.
The use of direct push sampling points or wells for field screening purposes is a generally accepted
practice, and therefore was not evauated. The evauation specificaly did not address the use of direct
push sampling wells for obtaining representative groundwater samples, nor did it address any other uses
of the CP system. Thisreport provides a more detailed description of the CP platform and the direct
push groundwater sampling tools that were used to aid the reader.

3.1  Hydrosparge Module

The hydrosparge module conssts of a sparge chamber, a conductivity meter, a helium purge gesline
connected to the sparging head, and a Teflon sample trandfer line. A schematic of the hydrosparge
module is shown in Figure 1. The hydrosparge module is lowered into a temporary groundwater
monitoring well or sampling point. The conductivity meter in the sparge chamber ensures that the unit is
placed approximately 18 inches below the groundwater surface. Groundwater enters the sparge
chamber from an opening at the base of the hydrosparge module. Helium flows into the sparging heed
a acdibrated flow rate and sparges VVOCs from the groundwater which are then released into a purge
chamber. The hdium and VOC vapors are sucked out of the top of the purge chamber viathe sample
trandfer line. The sample transfer line is connected to the direct sampling ITMS. The helium flow rate
into and out of the hydrogparge module is regulated by flow controllers located after the helium supply
and prior to the ITMS, respectively. The hydrogparge module and ITMS are calibrated daily according
to the described instrument operational procedure 9,

3.2  Direct Sampling lon Trap Mass Spectrometer

The ITMS, located within the SCAPS truck, is comprised of a sample inlet, a capillary restrictor
interface, and a quadruple ion trap mass spectrometer. Unlike most mass spectrometry systems, the
anayte vapors directly enter the ion trap mass spectrometer without being subjected to a separation
technology such as a gas chromatograph. The presence of a selected ion maessin aseries of scansis
used for the identification and quantification of an individua or a specific class of compound. The I TMS
and the In-Situ Hydrosparge Module were developed for gpplication with the SCAPS by Oak Ridge
National Laboratory (ORNL). Proceduresfor use of the Direct Sampling lon Trap Mass
Spectrometer (ITMS) are provided in U.S. EPA Draft Method 8265, This method is currently under
congderation by U.S. EPA for incluson in their “Test Methods for Evauating Solid Waste” (SW-846).
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3.3  Support Platform and Cone Penetrometer (CP)

The SCAPS cone penetrometer platform is of commercidly avalladle desgn. Typicdly, the CPis
housed in a 20-ton al-whed drive truck with two compartments. One compartment, located over the
truck’ s center of mass, contains a hydraulic ram used to push the cone penetrometer verticdly into the
ground. The other compartment within the truck houses computers for visuaizing push data, equipment
for contralling sample collection, and an ion-trgp mass spectrometer for sample andysis. Figure2isa
photograph of the SCAPS unit where the collapsible (accordion shaped) roof islocated above the
hydraulic ram.

The CP pushrod is composed of detachable 1- meter (m) long tubular sections which thread together
one-by-one to lengthen the pushrod asiit is advanced into the ground with a hydraulic ram againgt the
weight of the truck. Typically, the CP sensors are advanced by attaching successive lengths of pushrod
in 1-meter (M) lengths a arate of up to 1 m per minute. The maximum depth of operation is governed
by ste-specific dratigraphy and the method is limited to Sites where the cone penetrometer can be
pushed to the depth of concern, through primarily unconsolidated sedimentary deposits or formations.
Sites where cobbles or consolidated layers exist may prevent the penetration of the cone penetrometer
or deflect the pushrods from averticd path.

The SCAPS truck is also equipped with a steam cleaning system mounted underneath the truck. To
avoid cross contamination between sampling locations, the CP pushrods are steam cleaned as they are
withdrawn from the ground. The CP pushrods are pulled through a decontamination collar where two
high pressure, high temperature water jets clean the pushrods as they are retracted from the ground. Al
decontamination water generated during steam cleaning is contained within the collar and diverted to a
nearby collection container.

The water pump, heater, and storage tank for the steam cleaning system is located on a portable trailer
attached to the rear of the SCAPStruck. Thistraller dso carries the durry mixing bin and pump used
to abandoned the temporary groundwater sampling points created using the direct push sampling toal.

3.4  Direct Push Sampling Tools

Hydropunch [0 and PowerPunchO are examples of commercidly available direct push sampling tools
used to create atemporary groundwater sampling point or monitoring well. These tools can be attached
to a push rod and advanced into the subsurface using the cone penetrometer rig. Hydropunch 110 is
most effective in more permeable, unconsolidated formations. PowerPunchO is used in less permesble
formations where the groundwater recharges dowly.

Hydropunch 110 s equipped with a stainless stedl drive point and stainless steel deave body. A

schematic drawing of Hydropunch 110 isshown in Figure 1. The assembly is atached to the end of the
CP pushrod and driven into the ground to the desired depth. The deeve body and CP pushrods are
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then pulled back to expose a 1.5-meter long section of ¥zinch diameter polyvinyl chloride (PVC)
screen. Nointernd PV C riser pipeis attached to the PV C screen to extend it to the surface. The
depth to groundwater is measured using a conductivity meter until the groundwater depth in the
Hydropunch 1O is constant. The CP pushrods, functioning as the annular sedl, remain in place until
groundwater sampling is completed. Once sampling is completed, the sampling point isimmediately
grouted by lowering a_-inch diameter tube to the bottom of the push hole through the CP pushrod.
The CP push rods are pulled up past the top of the well screen disconnecting the Hydropunch 110
screen and drive point. The tubing is then attached to the SCAPS durry pump via quick-connect
couplers. Asthe pushrods are retracted, a cement bentonite durry is pumped into the abandoned
screen. As each pushrod section isretracted, it is cleaned using the onboard steam-cleaning system.
To remove a pushrod section, the durry pump is stopped, and the tubing is disconnected at the quick-
connect coupler. The quick-connect coupler isthen re-connected and the durry pump restarted for
retraction of the next pushrod section. This process continues until the entire pushhole isfilled with
durry from the bottom to the ground surface.

The standard PowerPunchO tool is similar to the Hydropunch 110 , except the PowerPunchO is
designed to dlow PV C screen and blank casing to be attached to the drive point from the surface.
Ingaling the PV C casing through the CP pushrodsis smilar to indaling awel insde of a hollow-stem
auger. By extending the PV C caang to the surface, the CP pushrods may be withdrawn while leaving
the sampling point in place. A schematic diagram of the PowerPunchO push tool is presented in Figure
3. The advantage of this system isthat the SCAPS truck can be moved to another location while the
groundwater recharges at the sampling point. Each sampling point is abandoned immediately after
groundwater sampling is completed. The abandonment procedure for sampling pointsingaled by
PowerPunchO issimilar to the procedure described for Hydropunch™. The casing is detached from
the drive point and the temporary well is then grouted from the bottom of the push hole to the ground
surface by pumping a cement bentonite durry through the PVC casing. Each section of the PV C casing
is cleaned as it iswithdrawn and then disconnected for storage.

40 EVALUATION OF TECHNOLOGY: GENERAL CONSIDERATIONS

The technology eva uation focused on the comparison of field results with those obtained using accepted
reference methods for groundwater sampling and laboratory andyses. The performance parameters
used to evauate the technology included sengtivity, specificity, precision, accuracy, and rdiability.
Theseissues affect dl field vaidations and are therefore discussed before areview of the vdidation
studies.

4.1  Scientific Principles

The hydrosparge module operation is based on Henry’s Law where for low concentrations of low-
solubility VOCs in water, the concentration of the VOC in the gas phase is proportiond to the
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concentration in the water phase. For the hydrosparge gas flowrate used in the hydrosparge module,
the VOC concentrations in the water phase remain relatively congtant over the measurement time
period. The purged VOCs are transferred directly to an on-Ste ion-trap mass spectrometer for
andyss. Mass spectrometry in these vaidation studies was carried out either with a Teledyne 3DQ
ITMS or with aFinnigan ITMS 40.

4.2  Hydrosparge Operation

The standard operating procedures for the in-9tu measurement of VOCs in groundwater usng SCAPS
HS have been described in US EPA SW-846 Draft Method 8265 ¢, in Current Protocol in Field
Analytical Chemistry, Field Screening of Volatile Organic Compounds Groundwater Using the
Hydrosparge VOC Sensor®, and in technology demondtration plans®>*".

Hydrosparge module cdibrations are performed to assess the system’s performance. The following
sections briefly describe system checks and cdibration procedures used to make these assessments.
The cdibrations are run by placing the hydrosparge module in a 250 mL graduated cylinder containing
the appropriate cdibration solution.

4.2.1 Hedium Flow Rate Adjustment

The hdium flow rate of the sparging head can Sgnificantly affect the sengtivity. A dow purging rate can
result in low detection sengtivity while afast sample purging can result in splashing of water droplets into
the sample tranfer line. The proper heium flow rate is between 30 and 100 mL/min. Changesin the
gas flow in the purging or transferring system require recdibration of the syssem. The flow rate of hdium
through the trandfer line into the hydrosparge module is maintained dightly less than the hdium flow rate
from the modul€ s purge chamber into the sample transfer line to ensure that the water is not
accidentaly sucked into the ITMS.

4.2.2 Analysisof Water Blank

After the hdium flow rate is established, awater blank is run to establish abasdine. Interna standards
are run with the initid water blank as a check for contamination due to carryover from the previous
sample.

High level subsurface VOC contamination may present a problem for normal continuous operation.
Interference from a previous sampling or resdud VOC andytes remaining in the transfer lines may
calise cross contamination between successive runs. Therefore, awater blank is aso run between
samples. It isespecidly important that awater blank be analyzed following ahigh level sampleto
ensure no carry over to the successive sample.
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4.2.3 Performance Evaluation Check Standard

A performance evauation check standard (PES) is used to check the instrument response. The PES
standard contains acetone, dichloromethane, benzene, and bromobenzene to cover categories of
compounds applicable to the method.

4.2.4 Quantitative Calibration

A cdibration curve is developed by using laboratory standards containing known concentrations of the
target analytes bracketing the desired concentration range. The interna standards are added to the
target andytes for system cdibration. The calibration curve is established by andyzing five different
concentrations of sandardsin triplicate. A water sample blank smulating a ground water blank should
be run for background subtraction. The water sample blank prepared by the WES congsts of 148
mg/L of sodium sulfate and 165 mg/L of sodium chloride added to ASTM Type Il water.

The acquidtion timefor the cdlibration is set to 30 minutes. A basdine sgna from the water blank is
acquired for 3 minutes, followed by data acquisition of the lowest stlandard solution. Datafor each
andyte are acquired for 2 minutes after the sgna response has stabilized, when the total ion current
becomes flat and horizontal, and steady state conditions have been achieved. When data acquisition
has been completed, data acquisition is temporally halted and the probe removed from the solution.
The probe is decontaminated by ringng with distilled water before analyss of the next concentration
standard.

4.25 Analysisof Groundwater

The hydrosparge module is placed in the water blank solution to obtain a basdine sgnd. Then, while
continuing the data acquisition, the module is lowered through the cone penetrometer to the
groundwater until the conductivity meter indicates that the proper depth has been achieved. A response
for the andytesin the groundwater is observed after 45-120 seconds. Datais acquired for at least an
additiona two minutes after the response has stabilized. The hydrosparge module is then removed from
the cone penetrometer for decontamination.

4.2.6 Decontamination and system check

The hydrogparge module is cleaned with deionized water, and the Teflon tubing is purged with helium
gas. The hydrosparge module isthen placed in the deionized water blank to ensure zero system
response. Afterwards, the hydrosparge module is placed in afina spiked deionized water sample to
check for proper system response. High concentrations of VOCs may sorb onto the sample transfer
line, resulting in afase postive reading on the next sample. The technology is not intended for use
where free-phase organics are present. If analytes are detected above the system background
response, then the sample trandfer line is purged with helium and the system rechecked with the
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deionized water sample. If necessary, the sample transfer line may be replaced between samples.
4.2.7 Matrix Effectsand Interferences

Non-target VOCs which generate an ion with the same mass/charge ratio as atarget andyte may cause
apogtive interference.

43 ITMSOperation

Analysis of the SCAPS Hydrosparge (SCAPS HS) samplesis performed with the use of a Teledyne
3DQ ITMS or Finnigan ITMS 40 operating in the eectron impact mode or chemica ionization mode.
The ITMSisdirectly fitted to a20 cm DB-5 capillary column (ID100 mm, J&W part#160-2635) with
restrictor heated interface operated at 105°C. The capillary interface limits flow into the ITMS at 0.1 to
1.0 mL/min., which is compatible with both eectron impact (El) and chemica ionization (Cl) sources.
The I TMSisoperated in afull scan mode from masses 40 to 250 amu. Andyte identification is
performed entirely by means of massion identification. Therefore, andytes with the same quantitation
mass ions cannot be distinguished from each other and are reported as totds smilarly to analytes co-
eluting in gas chromatograph (GC) techniques.

4.3.1 Instrument Calibration and Data Acquisition

For daily operation, the mass spectrometer is checked and adjusted for the proper scan functions per
indrument manufacturer’ sindructions.  The mass axis is cdibrated with perfluorotributylamine
(PFTBA) or bromofluorobenzene set in full scan mode. The mass spectra of air and water are
evauated for a system leak check. Aninstrument cdibration file is acquired to ensure the proper setting
of instrument tuning parameters. Other cdibration and data acquigtion activities are summarized in the
hydrosparge module operation discussion above.

4.3.2 Method Detection Limit and Sengitivity

The SCAPS HS detection limit and quantitation limit are based on Ste-pecific conditions. The ITMS
ion intengity for each target analyte is measured in duplicate daily at the beginning of operations. The
mean value of each concentration is used for calibration. For the least squares linear regresson
cdibration curve, the intercept (b) isthe intengity of unspiked water (background) and the dope (m) is
the sengtivity of system response. The noiseis defined as 2 times the sandard deviation (s) of the fit.
Theion intengity threshold given as the sum of the background and the noise values is the quantitation
limit. The noise divided by the senstivity is the detection level. With this gpproach the detection
threshold varies from Site to Site but is generdly in the range of 2to 5 ng/L for the VOC analytes.

To increase the confidence leve in the sengtivity near the detection threshold and to minimize the
probability of false negatives, low concentration standards are used to establish the linear regression.
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Samples above the linear cdibration range of 1,000 ng/L are anadyzed by reducing the ionization time
during the data acquisitions with a corresponding reduction in the ionization time of the tandards.
Nonlinearity tends to occur at concentrations greater than afew mg/L in water.

4.3.3 Compound Identification and Quantification

Compound identification and quantitation are based on selected masses of each analyte. Quantitations
of anaytes are based on integration of a fixed number of scans, typicaly 80 to 100 scans, of the specific
ions for a given andyte generated by either dectron impact or chemica impact 9. The sample
integration intervals should dways be the same number of scans as that used for quantitation in the
cdibration. While theion trap mass spectrometer is cgpable of detecting other compounds, its use with
the hydrosparge module was only evauated for the specific compounds specified in this evaluation

report.
4.3.4 Sample Analysis

Samples were analyzed dternatively in El and Cl modes. Chlorinated solvents were detected by El;
benzene, toluene, ethyl benzene, and xylenes (BTEX) were detected by CI. The ITMS operated in a
full scan mode from masses 40 to 250 amu.

4.3.5 Method precison and accuracy

Performance criteria and method recovery for ITMS are detailed in Draft EPA Method 8265. The
ITMS has proven to be a stable detector once heated to operating temperature and calibrated. The
method precison was estimated by andyzing sandards in triplicate by placing the in-situ hydrosparge
module into the spiked water sample.

Confirmation samples are collected and analyzed by standard methods such as Method 8260B. The
fraction of samplesthat were confirmed by standard methods depends on site- pecific factors such as
the intent of the sampling, distribution of subsurface contamination, the number of positive and negative
samples obtained by the SCAPS HS system, etc.

44  System Limitations

4.4.1 Sampling Depth

The sampling depth istypicaly limited by lithologic conditions & agte. Where lithologic conditions
alow penetrations to deeper depths, the maximum sampling depth of the SCAPS HS islimited to the
avallable length (200 ft.) of the umbilica cable which connects the hydrosparge module through the push

rods to the SCAPS truck. Data used in this evaluation were generally from depths between 20 and 80
feet below ground surface (bgs). Thirteen samples were collected from greater than 100 feet bgs, with

February 13, 2001 8



one sample being at adepth of 184 feet bgs.
4.4.2 Groundwater Conditions

For dl fied sudies reviewed for this report, the hydrosparge module was operated at 18-inches below
the groundwater surface of the well. The conductivity meter on the hydrosparge module is set for that
depth. The Henry's Law equilibrium concentration of VOCs between the vapor and aqueous phasesis
pressure dependent. Since data are not available to assess the hydrosparge modul€ s ability to profile
vertica contaminant loading, the unit was not evaluated for such a capability and itsuse islimited to 18-
inches below the groundwater surface for purposes of this evauation.

The hydrosparge module may be affected by the amount of st present in the groundweter. Since the
sampling point ingtaled using the CPT and direct push sampling tool has no sand pack in place, the
sampling point is subject to “siting in” when operated in the presence of high st groundwater. “ Silting
in” may partidly or completely block the PV C screensimpeding the groundwater flow into the sampling
point.

4.4.3 Lithologic Conditions

The system can only be operated where the SCAPS CP can reach the desired depth. Cobbles or
consolidated layers may prevent the penetration of the SCAPS penetrometer or deflect it from averticd
path. The sysem may aso be limited by low hydraulic conductivity aquifers which require alonger time
for the groundwater leve to sabilize.

4.4.4 Limitation to Known Contaminants

Since the ITMS does not have a separation mechanism other than the mass spectrometer, compounds
which produce identical primary characterigtic ions, or positiond and geometric isomers (eg., 1,1-
dichloroethene and 1,2-dichloroethene), cannot be positively identified by this system unlessa
characteristic secondary ion is available for monitoring. Compounds with higher molecular weights may
produce the same fragment ions which will increase the Sgnd of target analytes. A fase postive result
may occur when VOCs are present in the sample which yield molecular ions or ion fragments with the
same mass/charge (M/z) values as the characterigtic ions of the target VOCs. Therefore, this detection
systemn can only be used to detect or confirm the presence of target anaytes but not for the postive
identification of unknown compounds.

45  Rdiability

The USACE has reported deployment of the SCAPS HS system at 6 hydrogeographic locations with
over 194 penetrations. Data has been collected from groundwater contaminated with chlorinated
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VOCsand BTEX. In addition, the SCAPS HS has been deployed at over 25 sites by the Tulsa,
Savannah, and Kansas City Army Corp of Engineer Digtricts.
46  Performance Claimsused asBasisfor Evaluation Scope

WES provided performance clamsto use as the basis for the evduation. These clamsalowed DTSC
to identify a scope and data needs for the evauation.

The origina Hydrosparge VOC Sensor clams are asfollows:

1. Using the prescribed technology and its prescribed 5 point linear cdibration curve (R? 3
0.95), the method estimates the concentration of individual VOC anaytesin
groundwater in the range of 3 pg/L to 10 mg/L to within £20%.

2. At the nomind action leve of S5ug/L for individua anaytes, the method correctly
estimates the concentration 90% of the time with less than 5% fa se negatives and 5%
fase pogitives.

3. Over the range of 3ug/L to 10 mg/L, SCAPS HS resuilts correlate linearly (R? 3 0.80)
with results obtained by EPA Method 8260 for groundwater samples obtained from the
direct push sampling point.

4.6.1 TheProbabilities of False Positive (FP) and False Negative (FN) Results

False pogitive or negative results may occur due to variability in the groundwater matrix, due to the
variability inherent in each andyticd method, or due to differences between the andytica methods (ion
trap mass spectrometry for the ITMS and gas chromatography/mass spectrometry for EPA Method
8260B). Asafield screening tool, the false negative rate is of interest. Failure to detect a contaminant
that is present could have an adverse impact on ste or public health management decisons. False
positive results may occur for compounds with the same m/z ratio values as other VOCs. The USACE
proposed that at the action level of 5 ng/L for individua VOCs, the method would correctly estimate
the concentration 90% of the time with 5% or less fase pogitives and 5% or less false negative results.
Determination of false pogtive and fase negative rates is complicated by the variability inherent in the
reference method. To provide data on this variability during the field tests, some samples were split and
sent for anadysis by a second, independent |aboratory.

For this certification evauation, false positives and negatives were determined with respect to the
detection limits for the HS analyses and the corresponding confirmation samples (Method 8260B
andyses). Rulesfor determining confirmed positives and negatives, and fase positives and negatives
were asfollows:

Confirmed Positive (+/+). In confirmed positives, the SCAPS HS and confirmation sample
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anayses detected an andyte above their respective detection limits.

Confirmed Negative (-/-). In confirmed negatives, the anayte was not detected with the
SCAPS HS method or the confirmation sample analys's, or was detected with the SCAPS HS
method below the detection limit of the confirmation sample.

False Positive (+/-). Infadse podtives the analyte was detected with the SCAPS HS method
but was not found to be present in the confirmation sample above the detection limit of the
SCAPS HS method.

False Negative (-/+). Infdse negatives, the anadyte was not detected with the SCAPS HS
method but was found to be present in the confirmation sample at or above the detection limit of
SCAPS HS method.

Section 7.0 summarizes the percentage fa se negative and false positive results achieved for the field
studies reviewed for this certification evauation. Based on the results and reported detection levels for
the SCAPS HS in-gtu samples and EPA Method 8260B, the SCAPS HS method correctly reported
the presence or absence of TCE, benzene, carbon tetrachloride, PCE, toluene, and xylenes better than
90% of the time with less than or equa to 5% false positives and less than or equal to 5% fdse negetive
results.

4.7  Description of Sampling for Analyses by Reference Method, EPA M ethod 8260B

In generd, a confirmation (reference method) sample is collected for each SCAPS HS sample
collected. When the groundwater level in the temporary groundwater sampling point has sabilized, the
sampling point is bailed with asmal diameter teflon bailer until the bailed groundwater sampleyidds a
congtant pH, dissolved oxygen, temperature, and conductivity. The pH, dissolved oxygen, and
conductivity are measured in the fidld usng Standard Methods for Examination of Water and
Wastewater Methods 423 and 205, respectively. Prior to collecting each SCAPS HS sample, a
confirmation sampleis collected usng ateflon bailer. Groundwater from the bailer isplaced in
precleaned 40 mL VOA vid, preserved with 3 drops of concentrated hydrochloric acid (HCI) and
seadled with a teflon lined cgp. Following collection and until analysis, dl confirmation samples are
gtored onice in coolers at approximately 4°C.

5 TECHNOLOGY EVALUATION: PREVIOUS STUDIESBY WES

The U.S. Army Environmental Center (USAEC), USACE tested the SCAPS HS at four Department of
Defense (DOD) facilities, without DTSC oversght, to demondirate the system’s performance in
comparison to conventiona sampling and andytica methods. The steswere (1) Building 525 at
Aberdeen Proving Ground, Maryland; (2) Bush River Study Area at Aberdeen Proving Ground,
Maryland; (3) Massachusetts Military Reservation; and (4) Navad Air Station Whiting Field, FHorida
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USACE submitted summary reports of these sudiesin support of their clams and to provide
background for the field Sudies that were conducted. Each of these field studies are discussed below.
A summary of individua sample results by fidd study is provided in Appendix A.

5.1  Building 525, Aberdeen Proving Ground, Maryland

Building 525 was used for cleaning and painting of vehicles and wegpons systems. Solvents and
petroleum products had been detected in the groundwater near the building during Site investigations.
The USACE reported that the Site stratigraphy investigations found surficid fill in some areas benegth
which was dlay, silt and silt/clay mixes to a depth of 10 to 15 feet bgs™®. Below that depth, sand and
sand/gravel mixes with narrow interbedded clay and silt/clay lenses were encountered down to 25 to 30
feet bgs. The depth to the first groundwater aquifer, assumed to be unconfined, was generaly 12 to 15
feet bgs. Thisaguifer extends to about 30 feet bgs, and is probably connected to a second aquifer from
30 to 50 feet bgs.

In August 1995, the USACE completed 23 samples with the SCAPS HS at 22 locations near the
building. The sampleswere collected from direct push sampling points with a four-foot screen interval.
The center of the screen intervals were between 13 and 20 feet bgs, except for one location where
samples were collected at 43 and 68 feet bgs. After completing the SCAPS HS measurement, a bailer
was used to collect three 40 mL VOA vids. The VOA vids were shipped to an andytical |aboratory
for confirmatory andysis by reference method, EPA Method 8260B. The penetrometer pushrods were
then retracted and the hole grouted. The analytes reported were trichloroethene (TCE) and
trichloroethane (TCA).

EPA Method 8260

Confirmation Sample]

Number of GW Samples Sample Result Distribution 4 Detection Limit (na/mL) Max. Conc. frue + frue - false + false -
| Analvtes] | Confirmation] <5 | 5<n<100] 100<p<1000 [ n>1000 Method 8260 | Hvdrospargel (og/ml) % I Numberl % [ Numberl o6 | Num

TCA el 23 7 11 4 1 10 <5 <5 1300 15 | 65% 5 22% 2 P 1 4%
TCE 7 5 10 1 10 <5 <5 1200 14 | 61% 4 17% 3 13% 2 9%

Aslised in Table 1 above, TCA concentrations ranged from non-detect (< 5 pg/L) to 1,300 pg/L.
Seven data points had concentrations below the detection limit, 11 data points were between 10 and
100 pg/L, and 5 data points were greater than 100 pg/L. False positives were 9% (or 2 out of 23
samples) while false negatives were 4% (or 1 out of 23 samples). The smal number of samples makes
this of limited Satigtica vaue because afew fase postives or negatives can result in failure to meet the
criteria. False positives were reported by the SCAPS HS method at 17 pg/L (HS04) and 6 pg/L
(HS23) while the reference method listed non-detects for these samples. The fase negative, associated
with sample HS06, had a 12 pg/L reported by the reference method while the SCAPS HS method
reported non-detect. The results for the two methods correlated well (R?=0.98) even though the
number of data points were limited. A plot of the SCAPS HS results versus the reference method
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resultsis presented in Figure 4.

As shown in Table 1 above, TCE concentrations ranged from nondetect to 1,200 ug/L. Seven data
points had concentrations below the detection limit, 5 data points were between 5 pg/L and 100 pg/L,
and 11 data points were greater than 100 pg/L. Fase positive rates were 13% and fal se negatives were
9%. Thefase postiveswere reported at 10 pg/L (HS04), 59 pg/l (HS23), and 34 pg/L (HS25) by
the SCAPS HS method and as non-detect by the reference method. One fa se negative was reported
a 7.7 ug/L by the reference method while the SCAPS HS reported non-detect. For sample HS09A,
TCE was reported below the detection limit by both methods, but detected at 12ug/L in aduplicate
sample (HS09B) by the reference method. Since limited information was available on this field study,
Office of Pollution Prevention and Technology Development (OPPTD) staff could not determine the
cause of the difference between the sample and its duplicate. The results for the two methods
corrlated well (R?=0.95) even though the number of data points were limited. These results are plotted
and presented in Figure 4.

5.2  Aberdeen Proving Ground, Bush River Proving Grounds (BRSA), Maryland

According to USAEC, the BRSA has been used for training, test activities, disposd, and chemical
storage'™”. Groundwater is contaminated with petroleum hydrocarbons and chlorinated solvents. The
dratigraphy is complex, with interbedded clay, slt, sand, and gravel. The groundwater surfaceis found
at 8to 13 feet bgs, and forms an upper aquifer 2 to 29 feet thick. The upper aguifer is unconfined or, in
places, semi-confined. A deeper, confined aquifer is separated from the upper aquifer by a confining

layer.

During June and August 1996, 31 direct push temporary wells were sampled at one to three depths
each, and three existing wells were sampled at one depth each, for atota of 82 SCAPS HS resullts.
For each SCAPS HS result, a bailed sample was submitted to an off-ste [aboratory for confirmation
anaysis by the reference method, EPA Method 8260B. SCAPS HS and EPA Method 8260B results
were reported for TCE, tetrachloroethene (PCE), carbon tetrachloride (CCly), amixture of
dichloroetheneltrichloroethane (DCE/TCA), and amixture of chloroform/1,1,2,2-tetrachloroethane
(CHCIy/1,1,2,2). ITMS could not distinguish between DCE and TCA, and between CHCI; and
1,1,2,2, so USACE reported these results as a mixture of the two compounds. Since the two
chemicasin each pair have different relative reponsesin the ITMS, this must be taken into account
when comparing SCAPS HS and reference method results.

The results for the June and August demongtrations have been grouped by andyte or andyte mixture
and discussed in the paragraphs below. A summary of the sample results and data andysis for the two
demondtrationsis provided in Table 2. Combined results for the June and August demondrations for
the SCAPS HS method versus the reference method are plotted and presented in Figure 5. Figures 6
and 7 provide separate plots of the June and August 1996 demonstration data.
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EPA Method 8260
Confirmation Sample
Number of GW Samples Sample Result Distribution ¢ |__Detection Limit (ng/mL) Max. Conc. frue + frue - false + false -
Analytes | Hydrosparge | Confirmation] n<5 | 5<n<100 ] 100<n<1000} n>1000 Method 8260] Hydrosparge (ng/mL) Number] % | Number] % | Number] % ] Number] %
August 1996
1122 +CHCL3 19 19 7 4 2 6 06 5 <5 6870 9 47% 4 21% 3 16% 3 16%
DCE+TCA 12 6 1 0 06 5 <5 159 6 32% 11 5% 1 5% 1 %)
CCL4 11 4 4 0 09 <5 <5 590 8 42%| 10 53% 1 5% 0 %
PCE 17 2 0 0 04 5 <5 34 2 11% 14 %% 3 16% 0 %
TCE 13 1 5 0 09 <5 <5 640 6 2% 12 63% 1 5% 0 %
June 1996
1122 +CHCL3 [¢¢ 63 22 23 13 5 06 5 <5 8970 2 44% 21 3% 1 2% 13 21%
DCE+TCA 56 6 1 0 03 <5 <5 5 8% 53 8% 3 5% 2 2
CCL4 49 11 3 0 02 5 <5 370 13 21% 47 ™% 1 2% 2 %)
PCE 54 8 1 0 00 <S5 <5 820 7 11% 51 81% 2 3% 3 EZ)
TCE 40 17 6 0 07 5 <5 830 16 25% 39 62% 2 3% 6 10%

Referring to Table 2 above, concentrations for the 1,1,2,2/CHCL 3 mixture ranged from nondetect to
8,970 ug/L. Twenty-nine data points had concentrations below the detection limit, 27 data points were
between 5 pg/L and 100 pg/L, and 26 data points were greater than 100 pg/L. Fase positives ranged
from 2% to 16%, and fase negatives from 16% to 21%. False negatives associated with the June 1996
demongtration had reference method vaues ranging from 6.4 to 160 pg/L while SCAPS HS vaues
were non-detect. False negatives for the August 1996 demondtration had concentrations ranging from
68 to 1300ug/L for the reference method while the corresponding SCAPS HS results were non-detect.
Correlation of the SCAPS HS data with the reference method was poor for both demonstrations when
plotted separately or combined (R?<0.6). When sample SBRBH2 was omitted from the June 1996
data set, correlation for 1,1,2,2/CHCL 3 results improved to R?>0.8.

Concentrations for the DCE/TCA mixture ranged from nondetect to 159 pg/L. Sixty-eight data points
had concentrations below the detection limit, 12 data points were between 5 pug/L. and 100 pg/L, and 2
data points were greater than 100 pg/L. False postives were 5% and fa se negatives ranged from 3%
to 5%. Fase pogtivesidentified by the SCAPS HS method for the June 1996 demonstration ranged
from 5 pg/L to 6 pg/L while the reference method reported non-detect. For the August 1996
demondtration, one false positive was reported a 18 pug/L for sample SBR37H02 by SCAPS HS
method and as non-detect by the reference method. False negatives for the June 1996 demonstration
had vaues of 132 pg/L (SBRBH2) and 92 ng/L. (SBRKHZ2) for the reference method while
corresponding SCAPS HS values were non-detect. For the August 1996 demongtrations, the false
negetive for sample SBR44H02 was reported by the reference method at 7 pg/L and as non-detect by
the SCAPS HS method. Correlation of the data with the reference method was poor for both the
individua field studies and the pooled data (R?£0.6).

CCl, concentrations ranged from nort+detect to 590 pug/L. Sixty data points had concentrations below
the detection limit, 15 data points were between 5 pug/L. and 100 pg/L, and 7 data points were greater
than 100 pg/L. Fase postives ranged from 2% to 5% and fa se negatives ranged from 0% to 3%. The
fase pogtive for the June 1996 demonstration was associated with sample SBR30H1 where the
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SCAPS HS method vaue was 4.9 pug/L. while the reference method vaue was non-detect. For the
August 1996 demongtration, the SCAPS HS method reported afalse postive value of 38 pg/L for
sample SBR38HO3. Fase negatives for the June 1996 demonstration were reported by the reference
method a 24 pg/L and 5 pg/L for samples SBR21H2 and SBR30H2, respectively. Data correlation
between the fidld results and the reference method varied from poor (R?=0.2) to good (R*=0.9)
between the June 1996 and August 1996 demondrations. Insufficient information was available to
identify potential causes for these differences. When the data was pooled, agood correlation (R?=0.8)
was observed between the field results and the reference method.

PCE concentrations ranged from non-detect to 820 pg/L. Seventy-one data points had concentrations
below the detection limit, 10 data points were between 5 pg/L and 100 pg/L, and 1 data points were
greater than 100 pg/L. For both demondtrations, false positives varied from 3% to 16% and fase
negatives from 0% to 5%. For the June 1996 demongtration, a fase positive was reported for sample
SBRBH1 where the SCAPS HS detected 34 pug/L and the reference method non-detect. False
positives for the August 1996 demonstration had SCAPS HS results of 44 pg/L (SBR38H03), 21
MO/L(SBR42HOL), and 20 pg/L (SBR45HO01) while the corresponding reference method results were
non-detect. False negatives for the June 1996 demondiration were 7.5 pg/L (SBR21H2), 5.3 pug/L
(SBR22H1), and 41 pg/L. (SBRKH2A) for the reference method and non-detect for the SCAPS HS
method. The smdl size of the data set (19 points) for the August 1996 demonstration makesthis of
limited gatigtical value because afew fase pogtives or negatives can result in failure to meet the criteria
Corrédation for both demonstrations were poor (R?<0.4) but due to the limited amount of information
available, the cause for the low correlaion was not identified.

TCE concentrations ranged from non-detect to 1,200 pug/L. Fifty-three data points had concentrations
bel ow the detection limit, 18 data points were between 5 pg/L and 100 pg/L, and 11 data points were
greater than 100 pg/L. TCE results had fa se positives between 3% to 5% and fa se negatives between
0% to 10%. Fase pogitives were associated to samples SBR18H1 and SBR18H2 for the June 1996
demondtration, and sample SBR37HO2 for the August 1996 demondtration. The SCAPS HS method
reported concentrations at 7 pg/L (SBR18H1), 6 pg/L (SBR18H2), and 20 pg/L (SBR37H02) while
the reference method values were non-detect. For the June 1996 false negatives, the reference method
reported values of 12 pg/L (SBRO1H3), 5.4 pg/L(SBR30H3), 12 pg/L (SBR31H1), 40 pg/L
(SBR32H2), 33 pg/L (WBR19), and 41 pg/L (SBRMH1) while the SCAPS HS method reported non-
detects. For two demonstrations, the correlation was poor for the June 1996 demondtration (R?=0.7)
yet good correlation (R*>0.8) was achieved for the August 1996 demondiration. Since field notes were
not available for review, it is difficult to determine the field factors which may have contributed to the
differing correlations. An example of possble factors include operator errors such as omisson of
dilution factors or transcription errors.
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5.3 Naval Air Station (NAS) Whiting Fidd, Florida

NAS Whiting Fidd is afixed-wing aircraft and helicopter training base, with associated support
facilities. Contaminants a the Ste include chlorinated solvents and petroleum hydrocarbons from an
underground waste solvent storage area, an aviation gasoline tank dudge disposa area, and an open
burning and disposd area. The Sratigraphy conssts of sand, clayey st and sty clay interspersed with
clay and gravel lenses, beds and stringers. Cone penetrometer penetrations were completed to depths
ranging from 64 to 243 feet bgs, while hydrogparge measurements were taken at depths between 87
and 184 feet bgs. Aninitia push with a conventiond CPT probe was completed a each sampling
location to define soil sratigraphy and dynamic pore pressures. A separate push was completed for
each groundwater sampling depth identified using the CPT probe. Five locations with measurements at
one to three depths per location were taken with both the hydrosparge and EPA Method 8260B, for a
total of nine determinations. Results were reported for benzene, toluene, xylene, DCE, PCE, and
TCE®,

The range of andyte concentrations for this study did not span more than one order of magnitude except
for TCE. The maximum concentration for each andyteislisted in Table 3. Fase postives were below
the 5% performance criteriafor al andytes. Fase negatives were below the 5% performance criteria
for al analytes except DCE and TCE which were at 10%. The fase negative for DCE was associated
with sample STPO2HS02 where SCAPS HS did not detect DCE and the reference method detected it
a 11pg/l. SCAPS HS detected TCE in sample CPTO1HS02 at 2ug/L while reference method
detected it at 5pg/L. The smal sze of the data set (9 points) makes this of limited Satistica value
because afew fase positives or negatives can result in falure to meet the criteria. The fase negative for
TCE could be counted as a true positive since the SCAPS HS reported an estimated vaue. Since the
concentration ranges for most anaytes (except TCE) were narrow, the regresson analysis for these
anaytes were ether not performed or presented for informationa purposes only. Asshown in Figure 8,
good correlations were obtained for TCE and toluene (R*=0.9), with lower corrdations for DCE and
benzene (R?=0.6).

EPA Method 8260
Confirmation Sample
Number of GW Samples Sample Result Distribution 7 Detection Limit (ng/mL) Max. Conc. true + frue - false + false -
Analytes | Hydrosparge | Confirmation] n<5 | 5<n<100 ] 100<n<1000} n>1000 Method 8260] Hydrosparge (ng/mL) Number] % |Number] % | Number] % | Number] %

BENZENE 9 10 9 0 0 0 06 <5 <5 @ 0 0% 9 100%| 0 0% 0 0%
TOLUENE 8 1 0 0 09 5 <5 6 1 11% 8 8% 0 0% 0 %
XYLENES 9 0 0 0 - 5 <5 ND 0 0% 9 100% 0 0% 0 %
DCE 7 2 0 0 06 5 <5 16 1 11% 7 8% 0 0% 1 11%
PCE 9 0 0 0 - 5 <5 ND 0 0% 9 100% 0 0% 0 %
TCE 7 0 2 0 09 5 <5 170 2 22% 6 67% 0 0% 1 11%
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54  MassachusettsMilitary Reservation (M M R)

During January 1996, the SCAPS HS was deployed a the MMR. MMR is abase overlying Cape
Cod’ s mgor groundwater aquifer. Thelithology consists primarily of various Sze sands. At the
locations where the SCAPS HS was deployed, the depth to groundwater was 74 to 85 feet bgs.
Potential waste sources at MMR are associated with aircraft and vehicle maintenance, landfills,
sormwater runoff, and firefighter training activities. Groundwater contaminants at the Ste include

hal ogenated solvents and fuel hydrocarbons. A dummy tip was required on severd penetrations to
break through a one-foot thick consolidated sand layer just above the groundwater surface. Once that
layer was penetrated, the penetrometer could easily be pushed to greater depths. At some other
locations on the base, the SCAPS probe was unable to penetrate beyond 20 feet due to the presence
of cobbles. Four penetrations were successfully completed at the base, for atota of eleven
measurements. At one penetration location, a Sngle measurements was taken with a screen interva
centered at adepth of 93 feet bgs, a another penetration |ocation, measurements were performed at
79, 94, 109, and 123 feet bgs, at the third location, five measurements were taken at depths of 79, 94,
109, 124, and 146 feet bgs, and at the fourth location a single measurement was taken at a depth of 82
feet bgs''®. Analytesincluded DCE, TCE, PCE, CHCl, benzene, toluene, and xylenes.

Analyte concentrations did not span more than one order of magnitude with some analytes not detected
in any samples by either method. The maximum concentration, and fase positive and negative
percentagesis presented in Table 4. No fase positives or negatives were reported for any of the
analytes except DCE which had 9% fase positives. DCE, TCE, and PCE were detected in one sample
(MMR-HP10) by the SCAPS HS method at 1.53 pg/L (DCE), 1.11 pg/L (PCE), and 16.94 ug/L
(TCE). EPA Method 8260B results reported TCE at 14 pg/L and 1 pg/lL of PCE in this sample, but
did not detect DCE. In sample MMR-HP11, CHCl; was detected at 1.45 pg/L by both the SCAPS
HS method and at 2.6 pg/L by EPA Method 8260B. None of the target analytes were detected in the
other nine samples. Due to the narrow concentration range and small data set, aregresson andyss was
not performed.

EPA Method 8260
Confirmation Sample
Number of GW Samples Sample Result Distribution 7 Detection Limit (ng/mL) Max. Conc. true + frue - false + false -

Analytes | Hydrosparge | Confirmation] n<5 | 5<n<100 ] 100<n<1000} n>1000 Method 8260] Hydrosparge (ng/mL) Number] % |Number] % | Number] % ] Number] %
DCE n 11 11 0 0 0 - <1 <1 ND 0 0% 10 9% 1 9% 0 %
TCE 10 1 0 0 NA <L <1 14 1 9% 10 91% 0 0% 0 %
PCE 11 0 0 0 NA <1 <1 1 1 9% 10 9% 0 0% 0 %
CCL4 11 0 0 0 - < <1 ND 0 0% 11 | 100%) 0 0% 0 %
1122+CHCL3 11 0 0 0 NA <L <1 26 1 9% 10 91% 0 0% 0 %
BENZENE 11 0 0 0 < <1 ND 0 0% 11 | 100%) 0 0% 0 %
TOLUENE 11 0 0 0 <1 <1 ND 0 0% 11 | 100% 0 0% 0 %
XYLENES 11 0 0 0 < <1 ND 0 0% 11 | 100%) 0 0% 0 %
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6 TECHNOLOGY EVALUATION: CERTIFICATION FIELD DEMONSTRATIONS

A fidd test, conssting of two field demonstrations, was conducted by WES with oversaght by DTSC a
the Davis Globa Communications Site (DGCS), part of McClellan Air Force Base, Cdifornia
Another field test was conducted at Fort Dix, New Jersey, with oversght by the New Jersey
Department of Environmental Protection. A summary of individua sample results for eech field test is
provided in Appendix A.

For both the DGCS and Fort Dix field tests, the sampling procedure discussed in Section 4.7 was
followed to callect confirmation samples. Prior to each SCAPS HS sampling and anaysis, a
confirmation sample was collected using a Teflon baller. Groundwater from the baler was placed in
precleaned 40 ml VOA vids, seded with Teflon lined caps, and stored in coolerson ice a
approximady 4°C. Samples were preserved with 3 drops of concentrated HCI except for those sent
to the WES which were to be andyzed within 7 days after collection and did not require preservation.
After taking the confirmation sample, the Hydrosparge module was lowered into the temporary
sampling point, 18 inches below the groundwater surface, to perform the SCAPS HS andysis.

Confirmation samples were collected in triplicate. One of these replicates was shipped to an
independent laboratory for andyses. Two of the replicates were shipped to WES s Environmenta
Laboratory. One of the duplicates was anayzed while the other served for QA/QC purposes, or to
resolve any questions concerning sample integrity that may arise. Five percent of the confirmation
samples were dso analyzed in triplicate for QC purposes. These samples were also immediately stored
on ice for shipment to the off-ste laboratory for analysis by EPA Method 8260B.

6.1  DavisGlobal Communications Site (DGCS), McClelan Air Force Base, CA

The DGCS annex of McClelan AFB conssts of a main compound area, communication antennas and
undeveloped grasdands. Contamination at the Site resulted from releases of hal ogenated solvents and
hydrocarbon fudls during storage and maintenance activities a the ste. Thelithology conssts primarily
of fine grained sands, slts and sty clays of flood plain origin. Gravel and sand lenses are dso present.
Groundwater fluctuates seasondly with rainfdl, primarily between November and March, and with
agricultura pumping from late spring until early fal. During winter months the groundweter surface
fluctuates between gpproximately 25 to 35 feet bgs, while in summer monthsiit fluctuates between
approximately 60 to 70 feet bgs.

WES performed afidd test consisting of two field demonstrations conducted in November/December
1996 and February 1997. The target andytes for both demongtrations using the SCAPS HS included
PCE, TCE, and DCE. Confirmation samples were collected from Powerpunch™ groundwater
sampling points, and submitted to the WES s Environmenta Laboratory for andysisby U.S. EPA
Method 8260B. The sampling procedure used for both demonstrations is described in Section 6.0.
The lower reporting limit for the Method 8260B results was 5ug/L; severd vaues below this
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concentration were reported as estimated concentrations (J values).

In November/December 1996, atotal of ten Powerpunch™ sampling points were ingtalled near existing
monitoring wells with each sampling point screened over the same intervals as the existing wells
(generdly between 60 to 80 ft bgs). For each groundwater sampling point, the hydrosparge module
was used to obtain a SCAPS HS anadlysis and then a bailed confirmation sample was obtained for off-
gteandyss. The sampling procedure described in Section 6.0 was followed except the confirmation
samples were collected after the SCAPS HS samples®.

Replicate confirmation samples were shipped to West Laboratory, an independent accredited
laboratory in Cdifornia, as aquaity assurance/quality control (QA/QC) check for the
November/December 1996 demondtration. The additional samples were collected from groundwater
sampling points adjacent to monitoring wells DMWO03 and DMWO06. The results for these samples are
shown in Figure 9 and Table 5. Comparison of the SCAPS HS and ECB results showed good data
correlation (R?=0.9) while the West Laboratory results correlated poorly with the SCAPS HS and
ECB results (R?=0.6).

TCE (ug/l) CE (ug/ ) PCE (Ug/l)
| Sample Hs' | EcB’ | poP’ | HS' | ECB’| PDP’| HS' | ECB®| PDP’
DMWO03HO3 0 0 of o o o o 43 11
DMWO03HO3 s 19 16| 5 57 54 117 170 76
DMwosHo2 | 100l 243 76l 61 45l 3d 213 253 44
DGCSH21 88| 74 s8] 19 197 204 49 43 4
DGCSH23 sl 19l 18] 2 23 57 20 23 2
DGCSH28 6ol 50| 4] 3o 8 129 =208 383 70

1 - SCAPS Hydrosparge/lon Trap Mass Spectrometry
2 - Environmental Chemistry Branch, Waterways Experimental Station, U.S. Army Corp of Engineers Method 8260
3 - West Laboratory, an Independent Laboratory

For the February 1997 demonstration, an additional 22 Powerpunch™ groundwater sampling points
were completed a various locations. The Powerpunch™ sampling points nesr DMWO06 were
screened over the same interva as monitoring well DMWO6. This demondtration followed the sampling
procedure described in Section 6.0 with no known deviations.

The results for the two demondgtrations are summarized in Table 6 below. Regresson andysisfor TCE,
DCE and PCE for the combined results from the two demonstrationsis presented in Figure 10. The
regression analysis for each individual demongtration is presented in Figure 11.

DCE concentrations ranged from non-detect to 61 pg/L where 13 data points had concentrations below

the detection limit, 19 data points were between 5 pug/L and 100 pg/L, and no data points were greater
than 100 pg/L. Fase pogtives were 0% for both demongtrations while fa se negatives ranged from 0%

February 13, 2001 19



to 9%. Thetwo fase negatives for the February 1997 demonstration were reported a 4ug/L (sample
DMWO06HQ9) and 2ug/L (sample DGCSH24) by the SCAPS HS method and at Qug/L by the
reference method for both samples. These fa se negatives could be counted as true positives snce the
SCAPS HS method reported an estimated value. When the results for the two demondtrations were
combined, the correlation was poor (R?=0.6). When the November/December 1996 results were
plotted separately, the correlation was good (R?=0.9) while the February 1997 results correlated poorly
(R?=0.4). The sampling reports for the both events did not provide enough information to identify the
Site conditions which may have contributed to the lower correationsin February 1997.

TCE concentrations ranged from non-detect to 240 pg/L where 7 data points had concentrations below
the detection limit, 22 data points were between 5 pg/L. and 100 pg/L, and 3 data points were greater
than 100 pg/L. No fdse positives were found in the data for both demondrations while false negatives
were 0% and 5%. The false negative was associated with sample DGCSH35 where the concentration
was reported as non-detect by SCAPS HS and at 9ug/L by the reference method. When the results
for the two demonstrations were combined, the correlation was good (R?=0.9). When the resuits for
the demondtrations were plotted separately, the November/December 1996 results correlated well
(R?=1.0) while the February 1997 resuits correlated poorly (R?=0.7). If sample DMWO6GHO8 is
omitted from the February 1997 data set, then the correlation coefficient increases from Re=0.7 to
R?=0.9. Sincethe February 1997 sampling report did not provide enough information on fied
activities, OPPTD could not determineif this point was an ouitlier.

PCE concentrations ranged from non-detect to 820 ug/L where 5 data points had concentrations bel ow
the detection limit, 16 data points were between 5 pug/L and 100 pg/L, and 11 data points were greater
than 100 pg/L. Fase positives and negatives were reported for the February 1997 demondtration at
5% and 9%, respectively. The one fase positive (sample DGCSH29) was detected by the SCAPS HS
method a 9ug/L and as non-detect by the reference method. The two false negatives were detected at
220ug/L (sample DGCSH26) and 11ug/L (sample DGCSH35) by the reference method and as non-
detect by the SCAPS HS method. When the results from the two demonstrations were combined,
good corrdation (R?=0.9) was observed between data obtained by the reference method and SCAPS
HS method. When the results for the two demongtrations were plotted separately, the
November/December 1996 results correlated well (R?=1.0) while the February 1997 results correlated
poorly (R?=0.6). If sample DGCSH26 is omitted from the data set, then the February 1997 results
correlate well (R?=0.8). The February 1997 sampling report did not provide information on the field
activitiesfor OPPTD to determine if this point should be rejected as an outlier.
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EPA Method 8260
Confirmation Sample
Number of GW Samples Sample Result Distribution ¢ Detection Limit (ng/mL) Max. Conc. frue + frue - false + false -
Analytes ] Hydrosparge | Confirmation| n<5 ] 5<n<100] 100<n<1000 | n>1000 Method 8260 | Hydrosparge (ng/mL) Number] % | Number] % | Numbeq % |Number] %

February 1997
DCE 2 22 9 13 0 0 0.4 <5 <5 61 12 5% 8 36% 0 0% 2 P
PCE 3 14 5 0 0.6 <5 <5 240 17 ™% 2 P 1 5% 2 Do
TCE 4 17 1 0 0.7 <5 <5 384 17 % 4 18% 0 0% 1 %

November/December 1996
DCE 10 10 4 6 0 0 0.9 <5 <5 8 8 8% 2 20% 0 0% 0 %
TCE 3 5 2 0 1.0 <5 <5 220 7 % 3 30% 0 0% 0 %
PCE 2 2 6 0 1.0 <5 <5 640 6 0% 4 40% 0 0% 0 %

6.2  Fort Dix, New Jersey

Fort Dix is used for military training activities. Potential sources of groundwater contamination include
landfills, underground storage tanks, and motor pools and vehicle repair areas. Groundwater VOC
contaminants include hal ogenated solvents (e.g., TCE, DCE) and fuel hydrocarbons (e.g., benzene,
toluene, xylenes).

During June 1997 atotal of 32 Powerpunch'™ sampling points were completed. For each groundwater
sampling point a SCAPS HS analys's was completed and a corresponding sample was collected for
analysis by EPA Method 8260B. Groundwater sampling points were located near existing monitoring
wells MW107A, MW109A, and MW70 and at 22 other locations.  Sample results were reported for
TCE, DCE, benzene, toluene, and totd xylenes. In the samples near the three monitoring wells, the
primary congtituents detected were TCE and DCE. At the other locations only benzene, toluene, and
xylenes were detected. The sampling procedure described in Section 6.0 was followed with no
reported deviations to the sampling procedure.

The results for the demonstration are summarized in Table 7 below. Regresson andysisfor each
andyteis presented in Figure 12.

TCE concentrations ranged from non-detect to 913 pug/L where 22 data points had concentrations
below the detection limit, 1 data points were between 5 pg/L and 100 pg/L, and 9 data points were
greater than 100 pg/L. No fase positives or false negatives were reported for this andyte. Correlation
of the SCAPS HS method and reference method results was good (R*>0.9).

DCE concentrations ranged from non-detect to 3,451 pg/L where 25 data points had concentrations
below the detection limit, 3 data points were between 5 pg/L and 100 pg/L, and 4 data points were
greater than 100 pg/L. No fase positives were associated with this analyte but false negatives were
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9%. The percentage of false positives and negatives ranged from 0% to 9% for the individua studies.
The three fal se negatives were reported a 24.3 ug/L (FD70HO01A), 19.5 pg/L (FD70H02A), and 30.2
Mg/L(FD70HO3A) by the reference method and as non-detect by SCAPS HS. Correlation of the
SCAPS HS method and reference method results was good (R*>0.9).

Benzene concentrations ranged from non-detect to 8,575 ug/L where 20 data points had concentrations
below the detection limit, 4 data points were between 5 pg/L and 100 pg/L, and 8 data points were
greater than 1000 pg/L. No fase postives were associated with this andyte but false negatives were
6%. The two fase negative results for benzene were 4ug/L versus 14ug/L (sample FDWTHO5) and
non-detect versus 5.4ug/L. (FDWTHO6), respectively. For sample FDWTHO5, the false negative for
benzene might be counted as a true positive since the SCAPS HS reported an estimated value instead
of liging it as non-detect. By counting this sample as atrue positive, then the false negatives for benzene
would meet the 5% performance criteria. Correlation of the SCAPS HS method and reference method
results was poor (R*=0.7).

Toluene concentrations ranged from non-detect to 20,112 pug/L where 22 data points had
concentrations below the detection limit, 2 data points were between 5 and 100 pg/L, and 8 data points
were greater than 1000 pg/L. No fase postives or false negatives were associated with this analyte.
Correation of the SCAPS HS method and reference method results was poor (R?=0.7).

Xylenes concentrations ranged from non-detect to 13,758 pg/L where 20 data points had
concentrations below the detection limit, 2 data points were between 5 pug/L. and 100 pg/L, and 10 data
points were greater than 100 pg/L. Fase postives and false negatives were 3%. The false postiveis
associated with sample FDDSHO3 where the SCAPS HS method reported a vaue of 300 pg/L and the
reference method a vaue of non-detect. The fase negative was reported for sample FDWTHO5S where
the reference method reported 133.6 pg/L and the SCAPS HS method reported non-detect.
Correlation of the SCAPS HS method and reference method results was poor (R?=0.6).

EPA Method 8260
Confirmation Sample
Number of GW Samples Sample Result Distribution 7 Detection Limit (ng/mL) Max. Conc. frue + frue - false + false -

Analytes | Hydrosparge | Confirmation] n<5 | 5<n<100 ] 100<n<1000} n>1000 Method 8260] Hydrosparge (ng/mL) Number] % | Number] % | Number] % ] Number] %
TCE 2 32 22 1 9 0 10 5 <5 913 7 22% 25 8% 0 0% 0 %
DCE 25 3 2 2 10 5 <5 3451 4 13% 25 8% 0 0% 3 P
BENZENE 20 4 0 8 07 5 <5 8575 10 31% 20 6% 0 0% 2 %
TOLUENE 22 2 0 8 07 S <5 20112 1 34% 21 66% 0 0% 0 %
XYLENES 20 2 1 9 06 5 <5 13758 10 31% 20 6% 1 3% 1 N

Three samples andyzed by the SCAPS HS and by the WES ECB L aboratory were also analyzed by
PDP, an independent laboratory. A comparison of these resultsis shown in Table 8. Whilethereare
insufficient data points with each andyte to perform aregresson andyss, it gppears that the results for
the three methods are comparable.
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[CE (uq/l) E agl) Benzene (/) Toliene (ua/l) Xvlenes (ua/l )
Sample hs' | EcB’ [ PoP’ | bs | ece | pop| 1S | ece|pop| bs | Ece | PoP | Hs | EcB | POP
FDTSHO1 0 0 0 0 0 0l 2700] 7600 3000] 7000] 17700 6000} 65001 8567| 6800
FDTSGO1 0 0 0 0 0 Ol 1200] 3600 5100] 1400] 5600| 9300 3000] 4900f 9800
FD107AH4 310 330, 310] 2280] 2900] 3400 0 0 0 (0] 0 0 0 0 0

1 - SCAPS Hydrosparge/lon Trap Mass Spectrometry
2 - Environmental Chemistry Branch, Waterways Experimental Station, U.S. Army Corp of Engineers Method 8260
3 - PDP Laboratory, an Independent Laboratory.

7 DISCUSSION
7.1  Summary of Results

Resultsfor dl six fied studies were combined into one data set and plotted by analyte. Figures 13 and
14 present the linear regression results for the pooled data by analyte. These results are discussed in the

paragraphs below.

TCA results were available only for the Building 525 field study conducted at the Aberdeen Proving
Grounds. Twenty three samples were analyzed using the SCAPS HS and the reference method, EPA
Method 8260B. TCA concentrations ranged from non-detect (< 5 pug/L) to 1300 pg/L where 7 data
points had concentrations below the detection limit, 11 data points were between 10 and 100 pg/L, and
5 data points were greater than 100 pg/L. The percentage of false positives was 9% (or 2 out of 23
samples) while the fase negatives were 4% (or 1 out of 23 samples). The smal number of samples
makes this of limited Satistical value because asmal number of false pogitives or negatives can result in
fallure to meet the criteria. Comparison of SCAPS HS method to the reference method results were
good (R?*=0.98) even though the number of data points were limited.

DCE results were based on data from field studies at the NAS Whiting Field, MMR, Fort Dix, and
DGCS. A totd of 84 samples were andyzed using the SCAPS HS and EPA Method 8260B. DCE
concentrations ranged from non-detect to 3,451 pg/L where 58 data points had concentrations below
the detection limit, 22 data points were between 5 pg/L and 100 pg/L, and 4 data points were greater
than 100 pg/L. The percentage of false postives ranged from O to 9% and false negatives from 0% to
11% for the individud studies. Data pooled from five fidd studies yidded 1% fdse postives ad 7%
fase negative. The correlation between the field results and the reference method was good when the
datawas pooled (R>>0.9). Onefidld study conducted at the DGCS yielded a poor corrdlation
(R?=0.4) but there was insufficient information to determine which factors contributed to the lower
correlation.

TCE results were based on data collected at the Aberdeen Proving Grounds (Building 525 and the
BRSA), NAS Whiting Fidd, MMR, Fort Dix, and DGCS. A totad of 189 samples were andyzed using
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the SCAPS HS and EPA Method 8260B. TCE concentrations ranged from non-detect to 1,200 pg/L
where 105 data points had concentrations below the detection limit, 47 data points were between 5
Mg/l and 100 pg/L, and 37 data points were greater than 100 pug/L. TCE results had fase pogtives
between 0% to 13% and fa se negatives between 0% to 11%. When the data for the eight field Studies
were pooled, the pooled data yielded 3% fad se postives, 5% false negatives, and agood correation
coefficient (R?=0.8). Correlation coefficients for five of the eight field studies were good (R*>0.8). For
one field study, there was insufficient data to perform aregresson andysis. For two demongtrations,
the correlation was poor athough other demonstrations conducted at the same locations (DGCS and
BRSA) yielded data with good correation (R>>0.8).

Datafor DCE/TCA mixtures were based on the field studies conducted at the BRSA at the Aberdeen
Proving Grounds. A tota of 82 samples were andyzed using the SCAPS HS and EPA Method
8260B. DCE/TCA concentrations ranged from non-detect to 159 pg/L where 68 data points had
concentrations below the detection limit, 12 data points were between 5 pug/L and 100 pg/L, and 2 data
points were greater than 100 pg/L. The percentage of false positives was 5% and fal se negatives ranged
from 3% to 5%. Correlation of the data with the reference method was poor for both the individua
field studies and the pooled data (R?£0.6).

Datafor 1,1,2,2-tetrachloroethane and chloroform (1,1,2,2/CHCL 3) mixtures were based on the field
studies conducted at the BRSA at the Aberdeen Proving Grounds, and the MMR. A total of 93
samples were analyzed using the SCAPS HS and EPA Method 8260B. 1,1,2,2/CHCL3
concentrations ranged from non-detect to 8,970 g/l where 40 data points had concentrations below
the detection limit, 27 data points were between 5 pug/L and 100 pg/L, and 26 data points were greater
than 100 pg/L. False positivesfor 1,1,2,2/CHCL 3 ranged from 2% to 16%, and from 16% to 21% for
fase negatives. Corrdation of the data with the reference method were poor for the individud field
studies and pooled data (R?<0.6). The low correlation coefficient may be due to the large number of
fase negatives where the reference method reported concentrations lying outsde the ITMS cdlibration
curve. In addition, the different relative response for amixture of two chemicas may contribute to the
low correlation coefficient.

CCl, results were based on data collected at the Bush River Study Area at the Aberdeen Proving
Grounds, and the MMR. A total of 93 samples were andyzed using the SCAPS HS and EPA Method
8260B. CCl, concentrations ranged from non-detect to 590 pug/L where 71 data points had
concentrations below the detection limit, 15 data points were between 5 pg/L and 100 pg/L, and 7 data
points were greater than 100 pg/L. CCl, results had false positives ranging from 0% to 5% and fse
negatives ranging from 0% to 3%. Data correlation between the field results and the reference method
varied from poor (R?=0.2) to good (R*=0.9) at the same site between field studies. Insufficient
information was available to identify potential causes for these differences. When the data was pooled,
agood correlation (R*=0.8) was observed between the field results and the reference method.

PCE results were based on data collected at the Bush River Study Area at the Aberdeen Proving
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Grounds, NAS Whiting Fidd, MMR, and the DGCS. A totd of 134 samples were andyzed usng the
SCAPS HS and EPA Method 8260B. PCE concentrations ranged from nordetect to 820 pug/L where
95 data points had concentrations below the detection limit, 27 data points were between 5 pg/L and
100 pg/L, and 12 data points were greater than 100 pug/L. For theindividua field sudies, fase
positives varied from 0% to 16% and fal se negatives from 0% to 9%. Pooled PCE datayielded false
positives and negatives a 4%. A review of the field data associated with the 16% fase positive field
study found the elevated number may be due to a size of the data set (19 points). Correlation between
the field results and reference method results for individua field studies were poor (0.0<R?<0.6) except
for one field study where the correlation was good (R*=1.0). Due to the limited amount of information
available, the cause for the low correlation was not identified. The pooled data for PCE aso correlated
poorly (R?=0.6) and may be due to asingle data point which OPPTD gtaff were unable to determine if
it was an outlier.

Benzene results were based on data collected at Fort Dix, NAS Whiting Field, and MMR. A totd of
52 samples were andyzed using the SCAPS HS and EPA Method 8260B. Benzene concentrations
ranged from non-detect to 8,575 pug/L where 40 data points had concentrations below the detection
limit, 4 data points were between 5 pug/L and 100 pg/L, and 8 data points were greater than 1000 ug/L.

Benzene data had fase positives below 5% while the false negative percentages ranged from 0% to
6%. For two field studies, corrations for benzene were poor (R*£0.7). No correlations were
caculated at the third site sSince concentrations were reported below the detection limit. Field results
corrdated well (R?=0.8) with the reference method results when the data was pooled.

Datafor toluene were based on data collected at Fort Dix, NAS Whiting Field, and MMR. A totd of
52 samples were anadyzed using the SCAPS HS and EPA Method 8260B. Toluene concentrations
ranged from non-detect to 20,112 pg/L where 41 data points had concentrations below the detection
limit, 3 data points were between 5 and 100 pg/L, and 8 data points were greater than 1000 pg/L.
Toluene data had fase positives and false negatives below 5% for the individud field studies. For one
fidd study, the fidld results and reference method results for toluene corrdated poorly (R?£0.7) while
another site showed good corrdation (R?=0.9). Pooled data between the fidd results and the reference
method correlated poorly (R?=0.7). This appears to be due to asingle data point which OPPTD staff
were unable to determineif it was an outlier.

Xylenes results were based on data collected a Fort Dix, NAS Whiting Field, and MMR. A totd of
52 samples were andyzed using the SCAPS HS and EPA Method 8260B. Xylenes concentrations
ranged from non-detect to 13,758 ug/L. where 40 data points had concentrations bel ow the detection
limit, 2 data points were between 5 pug/L and 100 pg/L, and 10 data points were grester than 100 pg/L.
Xylenes had fdse pogitives and fa se negatives below 5% for theindividua field sudies. For onefidd
study, xylenes field results correlated poorly with the reference method results (R?£0.7). Linear
correlation analyses were not performed for the other two studies due to insufficient data. Field results
were found to correlate poorly (R?=0.6) with the reference method results even when individud field
study data were pooled.
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7.2  Other Factorsin Data Interpretation

Severd other factors were dso consdered in the interpretation of the data presented above. One of
these factors was the data distribution. For four of the eight field studies reviewed, the data conssted of
less than 20 points where one fase positive or negative would cause the percentage of false positives or
negativesto exceed 5%. For dl the field sudies, the pooled data for each andyte contained alarge
number of data points where the concentration was below the detection limit. With the large number of
data points grouped near the origin, the data distributed at higher concentrations were shown to have a
greater influence on the correlation coefficient.

Another factor consdered was the technology’ s inability to produce consistent results for a specific
andyte a the same location. Thiswasillustrated in the differing correlations presented for
demonstrations conducted at the DGCS and the Aberdeen Proving Grounds BRSA. Since field notes
on operator field activities and Ste conditions were not available in the summary reports, OPPTD gaff
were unable to assess potentid effects of various parameters on the results. Differencesin the
congstency of the SCAPS HS method to report groundwater concentrations between demonstrations
could be due to site conditions, personnd operating the SCAPS HS and ITMS, helium flow rate used in
well sparging, and equipment cleaning and cdibration methods used. These factors may contribute to
incons stent results for the same Ste between demondtrations.

From the interlaboratory comparison data for DGCS and Fort Dix, it appears that the SCAPS HS
results and the reference results are as comparable to each other as the reference method results from
the two laboratories. However at DGCS for concentrations greater than 200 pg/L, the reference
method results for ECB and the independent [aboratory differed greatly dthough the SCAPS HS results
and reference method results from ECB were in closer agreement.

7.3 Conclusions

The Hydrosparge VOC Sensor (HS) of the Site Characterization and Analysis Penetrometer System
(SCAPS) and Direct Sampling lon Trap Mass Spectrometer (ITMS) was demonstrated to be a near
real-timein-stu field screening method for trichloroethene (TCE), benzene, carbon tetrachloride,
perchloroethylene (PCE), dichloroethene (DCE), toluene, and xylenesin groundwater. The technology
was demondrated to be a quditative to semi-quantitative field screening method for TCE, benzene, and
carbon tetrachloride and met the criteria of less than 5% fad se positives and negatives and had good
correlation (R*3 0.80). For PCE, toluene, and xylenes, the technology was demonstrated to be a
quaitative field screening method and met the criteria of less than 5% fa se positives and negatives but
had lower correlations (R < 0.80). For DCE, the technology was demonstrated not to meet the
criteria of less than 5% false negatives but had good corrdlation (R? 3 0.80) and could be a qualitative
field screening method for this anayte.
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The performance data obtained using the SCAPS HS were comparable to the U.S. EPA Method
8260B for the andytes listed above. Performance data for andyte mixtures were not comparable since
the ITMS does not have a separation mechanism other than the mass spectrometer. Compounds which
produce identica primary characterigtic ions, or postiona and geometric isomers (e.g., 1,1-
dichloroethene and 1,2-dichloroethene), could not be positively identified when a characteristic
secondary ion is not available for monitoring. Compounds with higher molecular weights (e.g., 1,1,2,2-
tetrachloroethane) might produce the same fragment ions (e.g., chloroform) which would increase the
sgnd of target anaytes.

With an established 5 point linear cdibration curve (R% 0.95), the technology typically estimated the
concentrations of individua VOC andytes in groundwater at concentrations down to a detection limit of
5ng/L. The correlaion between VOC results obtained from atemporary direct push sampling point
used to access groundwater with that obtained by EPA Method 8260B varied depending on the
specific condituents and the Site.

Since this technology can only detect or confirm the presence of known specific contaminants,
confirmation samples should be collected for each SCAPS HS sample until the technology has been
demonstrated to be effective in sparging the contaminants of concern at a specific Ste. In addition,
matrix effects and even the particular contaminant or contaminants present, might vary with depth. Itis
recommended that confirmation groundwater samples be collected at the same depth as the SCAPS
HS andyses. The depth and size of the contaminant plume, and contamination profile of aste should dl
be considered in a site- specific sampling plan for determining the necessary number and |ocations of
confirmation samples once the technology is proven effective for the contaminants of concern. Site
characterization data obtained during prior investigations should also be considered.
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